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Description 

This invention relates to a direct viewing picture image display apparatus for displaying a picture image 
on the retina of an eye using a laser beam and particularly for displaying a stereoscopic picture image using 
5 a laser beam. 

Picture image display apparatus which employ a laser beam are already known. One of such picture image 
display apparatus is a projecting type picture image display apparatus wherein a laser beam emitted from a 
light source is optically modulated in response to a video signal and then horizontally and vertically scanned 
by a scanning system, and the thus scanned laser beam is projected to a screen. A characteristic of such ap- 
10 paratus is that a picture image of a high brightness, a high resolution and a high colour purity can be achieved 
with such apparatus. 

Such apparatus on which the pre-characterising portion of claim 1 is based are described in US-A-4 833 
528, US-A-3 894 182, EP-A1-0 374 857 and DE-A-1 288 187 and these include 3-colour systems using 3 lasers. 
However, with the picture image display apparatus described above, since a screen has a rough surface, 
15 there is a problem that a projected laser beam is diffused, which causes flickering of the laser beam, that is, 
so-called speckle noises are produced. 

US-A-4 611 245 discloses a slightly different type of system in which a laser beam is used to scan an LCD 
"light-valve" to create an image which can be projected onto a screen by passing incoherent high-intensity Xe- 
non light through the light valve. 
20 Picture image display apparatus of the type mentioned are frequently employed to display a stereoscopic 

picture image thereon, for instance as mentioned in DE-A-1 288 1 87. Various techniques have been developed 
for such picture image display apparatus and disclosed in various documents including Chihiro Masuda, 
"Three-Dimensional Display", Industrial Books and "Attempt of Development of Three-Dimensional Display Till 
Now and Future View", Image Information, August 1985. Picture images called three-dimensional picture im- 
25 age or stereoscopic picture image are classified into the following three types: 

(1) Two-eye type picture image. From the point of view of an amount of information, such picture image 
has an amount of information for the two left and right eyes. Such picture image is called stereoscopic 
picture image. 

(2) A picture image as a reproduction image of a body which looks afloat at a certain location in a space. 
30 Thus, if a visual point moves, then a different side face of the picture image can be seen. Such picture 

image has an amount of information equal to or greater than that for a plurality of eyes. Such picture image 
is called three-dimensional picture image in a narrow sense. 

(3) A picture image which makes use of an optical illusion. 

Factors for an image to be recognised as a stereoscopic image are listed in Table 1 annexed hereto. In 
35 particular, in the case of viewing with a single eye, focusing, a magnitude of the image, a kinesthetic parallax 
and a field of view are such factors, and in the case of viewing with two eyes, binocular convergence and a 
binocular parallax are additional factors. This is disclosed, for example, in Television Society Bulletin, Vol 43, 
No 8, 1989. 

Factors of stereoscopic perception with conventional stereoscopic display apparatus disclosed in the 
40 documents mentioned above and so forth are classified appearing in Table 2 also annexed hereto. 

Picture image display apparatus for displaying a stereoscopic picture image are also proposed in several 
patents, including, for example, Japanese Patent Application Laid-Open JP-A-6277794, Japanese Patent Ap- 
plication Laid-Open JP-A-5669612 and US Patent US-A-4 799 103. 

However, the display apparatus disclosed in Japanese Patent Application Laid-Open No J 01042998 is 
45 disadvantageous in that, since a light emitting body must be caused to emit divergent light, it is difficult to ach- 
ieve both of a high resolution and a sufficient brightness. 

Meanwhile, the display apparatus of Japanese Patent Application Laid-Open JP-A-6277794 is disadvan- 
tageous in that it is difficult to realise the apparatus because a variable focus lens array of a delicate profile 
must be prepared. 

so The display apparatus disclosed in Japanese Patent Application Laid-Open JP-A-5669612 is disadvanta- 

geous in that it is difficult to move a screen at a high speed and besides possible deterioration in picture quality 
by speckle noises cannot be avoided. 

The apparatus disclosed in US Patent US-A-4 799 103 is also disadvantageous in that, since it includes 
a variable focus mirror, a so-called phantom image phenomenon wherein the inside or the opposite side of a 
55 body being displayed can be seen takes place and it is not suitable to display an image of an image signal 
originating in television broadcasting or the like wherein raster scanning is performed. 

Further, it can be the commonly with regard to any of the display apparatus described above that, since 
a three-dimensional image is displayed as a real image, it is complicated in construction and requires a large 
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size. 

It is an object of the present invention to provide a direct viewing picture image display apparatus wherein 
a good picture image can be displayed with a small amount of light and low power consumption using a laser 
beam without producing speckle noises. 
5 It is another object of the present invention to provide a direct viewing picture image display apparatus of 

a small size and a simple construction which can display a stereoscopic image thereon. 

According to one aspect of the present invention, there is provided a direct viewing picture image display 
apparatus, comprising: 

a light source for emitting a laser beam; 
10 video signal supplying means for supplying a video signal; 

modulating means for optically modulating the laser beam emitted from said light source in response 
to the video signal supplied from said video signal supplying means; 

scanning signal supplying means for supplying a scanning signal; and 

scanning means for horizontally and vertically scanning the modulated laser beam for said scanning sig- 
15 nal in response to the scanning signal supplied from said scanning signal supplying means; characterized by 

a projecting optical system for projecting the scanned laser beam received from said scanning means 
to form an image of the laser beam on the retina of an eye of an observer of said direct viewing picture image 
display apparatus. 

With the direct viewing picture image display apparatus, a laser beam emitted from the light source is 

20 modulated, for example, in intensity, in response to a video signal by the modulating means and then horizon- 
tally and vertically scanned by the scanning means. The thus scanned laser beam is focused on the retina of 
an eye by the projecting optical system to form an image of the laser beam so that it can be visually observed 
directly as a picture image by an observer of the direct viewing picture image display apparatus. 

Since the picture image is formed with a laser beam, the colour purity is high and a high resolution can 

25 be obtained. Further, since all light is directed toward an eye, a high brightness can be obtained with a small 
amount of light. Besides, production of speckle noises, which are observed on a projecting picture image dis- 
play apparatus which employs a laser beam, can be prevented, and accordingly, a good picture image can be 
observed with low power consumption. 

The image display apparatus may further comprise depth signal supplying means for supplying depth in- 

30 formation and a variable focus optical system for providing the depth information supplied from the depth signal 
supplying means to the modulated laser beam received from the modulated means. 

The variable focus optical system may otherwise be included in or integrated with the scanning means or 
the projecting optical system. 

With this apparatus, depth information is provided by the variable focus optical system to a laser beam at 

35 a suitable stage after optical modulation by the optical modulating means, and the laser beam after scanned 
in response to a scanning signal by the scanning means is focused to form an image on the retina of an eye. 
Accordingly, the direct viewing picture image display apparatus can display a stereoscopic picture image there- 
on without production of a phantom image comparing with any other display system of the depth sampling type 
and can be produced in a small size with a simple construction. Further, since the magnitude of a stereoscopic 

40 picture image to be formed depends only upon an angle of visibility up to a stage preceding to the projecting 
optical system, even when a large stereoscopic picture image is to be displayed, the apparatus need not be 
increased in size. Besides, the direct viewing picture image display apparatus can be applied regardless of 
the current television systems of NTSC, PAL, SECAM and HDTV, and stereoscopic display of a television signal 
is possible if a variable focus optical system employed can be driven at a high speed. 

45 A further aspect of the present invention provides a direct viewing picture image display apparatus which 

comprises a light source for emitting a linearly polarized laser beam, means for dividing the laser beam from 
the light source into first and second laser beams, first and second video signal supplying means for supplying 
first and second video signals, respectively, first and second modulating means for optically modulating the 
first and second laser beams from the dividing means in response to the first and second video signals supplied 

so from first and second the video signal supplying means, respectively, first and second depth signal supplying 
means for supplying first and second depth information, first and second variable focus optical systems for 
providing the first and second depth information supplied from the first and second depth signal supplying 
means to the modulated laser beams received from the first and second modulating means, respectively, 
means for rotating the laser beam from the second variable focus optical system to produce a laser beam hav- 

55 jng a polarization plane perpendicular to that of the output laser beam of the first variable focus optical system, 
means for combining the laser beams from the first variable focus optical system and the rotating means into 
a single laser beam, scanning signal supplying means for supplying a scanning signal, scanning means for 
scanning the laser beam received from the combining means in response to the scanning signal supplied from 
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the scanning signal supplying means, and a projecting optical system for dividing the scanned laser beam re- 
ceived from the scanning means into two beams having perpendicular polarization planes relative to each other 
and projecting the two beams to form images of the beams on the retinae of a pair of eyes of an observer of 
the direct viewing picture image display apparatus. 
5 With this direct viewing picture image display apparatus, an observer can observe a higher quality speckle- 

free stereoscopic image by viewing directly with both eyes. 

The present invention will be further described by way of non-limitative example with reference to the ac- 
companying drawings in which like parts or elements are denoted by like reference characters. 

Fig. 1 is a block diagram of a direct viewing picture image display apparatus showing a preferred embodi- 
10 ment of the present invention; 

Fig. 2 is a diagrammatic representation showing detailed construction of the direct viewing picture image 

display apparatus of Fig. 1 ; 

Figs. 3 and 4 are diagrammatic views showing paths of light in an eyeball; 

Fig. 5 is a diagrammatic view of another direct viewing picture image display apparatus showing a second 
15 preferred embodiment of the present invention. 

Fig. 6 is a similar view but showing a third preferred embodiment of the present invention; 
Fig. 7a is a block diagram showing general construction of the direct viewing picture image display appa- 
ratus of Fig. 6; 

Fig. 7b is a similar view but showing a modification to the direct viewing picture image display apparatus 
20 of Fig. 7a; 

Fig. 8a is a similar view but showing another modification to the direct viewing picture image display ap- 
paratus of Fig. 7a; 

Fig. 8b is a similar view but showing a modification to the modified direction viewing picture image display 
apparatus of Fig. 8a; 

25 Fig. 9a is a similar view but showing a further modification to the direct viewing picture image display ap- 

paratus of Fig. 7a; 

Fig. 9b is a similar view but showing a modification to the modified direction viewing picture image display 
apparatus of Fig. 9a; 

Figs. 10a and 10b are diagrammatic representations illustrating operation of the direct viewing picture im- 
30 age display apparatus of Fig. 6; 

Figs. 11a and 11b are views similar to Figs. 10a and 10b, respectively, but illustrating a different manner 
of operation of the direct viewing picture image display apparatus of Fig. 6; and 

Fig. 12 is a diagrammatic view of a still further viewing picture image display apparatus showing a fourth 
preferred embodiment of the present invention. 

35 Referring first to Fig. 1 , there is shown general construction of a direct viewing picture image display ap- 

paratus to which the present invention is applied. The picture image display apparatus shown includes a light 
source 1 which may be any of a semiconductor laser, a He-Ne laser or the like. An optical modulating system 
3 serving as modulating means receives a laser beam emitted from the light source 1 and intensity modulates 
the received laser beam in response to a video signal supplied from a video signal supplying circuit 2. Ascan- 

40 ning system 5 serving as scanning means receives the thus intensity modulated laser beam from the optical 
modulating system 3 and horizontally and vertically scans the thus received laser beam in response to a scan- 
ning signal supplied from scanning signal supplying means 4- A projecting optical system 6 receives the thus 
scanned laser beam from the scanning system 5 and focuses the laser beam to form an image directly on the 
retina of an eye 7. It is to be noted that, where a semiconductor laser is employed for the light source, the optical 

45 modulating system 3 can be integrated with the light source 1 . 

More detailed construction of the direct viewing picture image display apparatus is illustrated in Fig. 2. 
Referring to Fig. 2, a He-Ne laser 11 is employed as the light source 1. A laser beam emitted from the He-Ne 
laser 11 is converged by a convex lens 12 and introduced into an audio optical modulator (AOM) 13 which 
serves as the optical modulating system 3. The incidence laser beam is intensity modulated by the audio optical 

so modulators 1 3 in response to a video signal received from a video signal supplying circuit 14 which serves as 
the video signal supplying means 2. The thus modulated laser beam is changed into a parallel beam by a convex 
lens 15, passes through a filter (ND-F) 16 and comes to a reflecting mirror 17, at which the laser beam is de- 
flected substantially at the right angle. Here, the filter 16 may be a black filter and attenuates the intensity of 
the incidence laser beam to such a level at which the laser beam will not be harmful to an eye into which it is 

55 introduced. 

The laser beam reflected by the reflecting mirror 17 is converted by a set of cylindrical lenses 18, 19 and 
20 into a beam which has an elliptical transverse section suitable for the beam to be subsequently introduced 
into an audio optical deflector (AOD) 21 which serves as a horizontal scanning system. The incidence laser 
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beam to the audio optical deflector 21 is then horizontally scanned In accordance with a horizontal scanning 
signal received from a horizontal scanning signal supplying circuit 22 which serves as the scanning signal sup- 
plying means 4. The thus horizontally scanned laser beam is returned into a beam of a circular transverse sec- 
tion by a pair of cylindrical lenses 23 and 24. A XIA polarizing plate 25 is interposed between the cylindrical 

5 lenses 23 and 24 and converts the laser beam having a vertical polarization plane into circularly polarized light. 
The laser beam having a circular transverse section after conversion into circularly polarized light is then in- 
troduced into a galvanometric mirror (GM) 26 which serves as the vertical scanning system. The galvanometric 
mirror 26 is driven in response to a vertical scanning signal received from a vertical scanning signal supplying 
circuit 27 which serves as the scanning signal supplying means so that the laser beam is vertically scanned. 

10 The laser beam modulated and scanned in such a manner as described above is introduced into an eye 

28 (corresponding to the eye 7 shown in Fig. 1) by way of a pair of lenses 29 and 30 which constitute the pro- 
jecting optical system 6 for projecting light to the eye 28. In particular, the laser beam from the galvanometric 
mirror 26 is converged once on a plane 31 by the lens 29 and then converted into a parallel beam by the lens 
30 and introduced into the eye 28. Consequently, an image of the laser beam is formed on the retina 33 by 

15 the crystal lens 32 of the eye 29. 

The eye 28 operates such that rays of light emitted from a point in a space of an external field are focused 
to form an image on the retina 33 by the crystal lens 32 to stimulate visual cells 34 on the retina 33 as seen 
in Fig. 3 so that a picture image is perceived as an aggregate of image points. With the direct viewing picture 
image display apparatus, a laser beam is scanned on the retina 33 as seen in Fig. 4 to cause a picture image 

20 to be perceived. 

With a picture image display apparatus constructed in accordance with the present embodiment, the 
amount of light admitted into the eye 28 ranged from 1 nw to 2 nw, and a resolution of 300 to 350 lines was 
achieved. Further, while the diameter of a spot of a laser beam at the location of the pupil was about 2.2 mm, 
such diameter is preferably greater than 1 mm because sight of a picture image will be lost as a result of move- 

25 ment of the pupil 50 or the iris 51 if the spot diameter will be smaller than 1 mm. Further, the horizontal angle 
of visibility was 8,8 degrees. Such angle of visibility corresponds to that of a case wherein a television receiver 
of the 1 .9 inch size is viewed from a location spaced by 25 cm. A greater angle of visibility is preferable because 
this corresponds to a case wherein a screen of a greater size is watched. 

According to the present embodiment, since no screen is employed, speckle noises which are often ob- 

30 served on a projecting picture image display apparatus can be removed. Besides, since all of a laser beam is 
directed toward an eye, only a small amount of light is required, and the power to be consumed by the He-Ne 
laser 11 which emits a laser, beam can be reduced. Further, a picture image has a characteristic that it can 
be seen only by an observer and not seen from the circumference. 

Referring now to Fig. 5, there is shown a color picture image display apparatus which is an exemplary 

35 application of the picture image display apparatus shown in Fig. 2. The color picture image display apparatus 
includes three lasers 11R, 11 G and 11 B serving as light sources for emitting laser beams of three colors of 
red, green and blue, respectively. Three audio optical modulators 1 3R, 1 3G and 13B and three dichroic mirrors 
41 R, 41 G and 41 B are provided on paths of laser beams emitted from the lasers 11R, 11G and 11B, respec- 
tively. Thus, laser beams emitted from the lasers 11R, 11G and 11 B are optically modulated in response to 

40 color signals of red, green and blue by the audio optical modulators 1 3R, 13G and 1 3B, respectively, and the 
thus modulated laser beams are combined into a single laser beam 42 by the dichroic mirrors 41 R, 41 G and 
41 B which reflect light of the respective colors but pass light of the other colors. The, the single laser beam 
42 is horizontally scanned by a rotary polygon mirror 43 which serves as the horizontal scanning system. 
The thus horizontally scanned laser beam is subsequently converted into a parallel beam 45 by a lens 44 

45 and then condensed by another lens 46 and introduced to a galvanometric mirror 26 which serves as the vert- 
ical scanning system. Consequently, the laser beam is vertically scanned by the galvanometric mirror 26. 

The laser beam 47 of the three colors modulated and scanned in this manner is then introduced into an 
eye 28 by way of a pair of lenses 29 and 30 which serve as a projecting optical system for projecting light to 
the eye 28. 

so With the direct viewing picture image display apparatus of the present embodiment, a color picture image 

can be displayed using the lasers 11R, 11G and 11 B of a plurality of, three in this instance, different wave- 
lengths. Such plurality of wavelengths need not be three but may be four or more. The color reproduction range 
increases as the number of such wavelengths increases. 

Referring now to Fig. 7a, there is shown general construction of a further direct viewing picture image dis- 

55 play apparatus to which the present invention is applied. The direct viewing picture image display apparatus 
shown includes a laser light source 61 for emitting a laser beam, an optical modulating circuit 62 for optically 
modulating a laser beam received from the laser light source 61 in response to a video signal supplied from 
a video signal supplying circuit 63, a variable focus optical system 64 for focusing a laser beam received from 
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the optical modulating circuit 62 with a variable focus which varies in response to a depth signal supplied from 
a depth signal supplying circuit 65, a scanning circuit 66 including a horizontal scanning circuit 68 for scanning 
a laser beam received from the variable focus optical system 64 in a horizontal direction in response to a scan- 
ning signal supplied from a scanning signal supplying circuit 67 and a vertical scanning circuit 69 for scanning 

5 the horizontally scanned laser beam in a vertical direction, and a projecting optical system 70 for projecting a 
laser beam received from the scanning circuit 66 to an eye 71. 

In the direct viewing picture image display apparatus shown in Fig. 7a, the scanning circuit 66 is constituted 
such that a laser beam received from the variable focus optical system 64 is first scanned in a horizontal di- 
rection by the horizontal scanning circuit 68 and then scanned in a vertical direction by the vertical scanning 

10 circuit 69. However, the scanning circuit 66 may be modified in such a manner as seen in Fig. 7b wherein a 
laser beam received from the variable focus optical system 64 is first scanned in a vertical direction by the 
vertical scanning circuit 69 and then scanned in a horizontal direction by the horizontal scanning circuit 68. 

While the variable focus optical system 64 is interposed between the optical modulating circuit 62 and the 
scanning circuit 66 in the direct viewing picture image display apparatus, otherwise it is possible, for example, 

15 to interpose the variable focus optical system 64 in the scanning circuit 66 as shown in Fig. 8a or 8b. In the 
modified optical modulating circuit 64 of the arrangement shown in Fig. 8a, an optical modulated laser beam 
from the optical modulating circuit 62 is first received and horizontally scanned by the horizontal scanning cir- 
cuit 68 and then inputted to the vertical scanning circuit 69 by way of the variable focus optical system 64. On 
the other hand, in the modified optical modulating circuit 64 of the arrangement shown in Fig. 8b, a laser beam 

20 from the optical modulating circuit 62 is first scanned in a vertical direction by the vertical scanning circuit 69 
and then inputted to the horizontal scanning circuit 68 by way of the variable focus optical system 64. 

Or else, it is possible to interpose the variable optical system 64 in the projecting optical system 70 as seen 
in Fig. 9a or 9b. In this instance, the horizontal scanning circuit 68 and the vertical scanning circuit 69 may be 
arranged in this order in the scanning circuit 66 as seen in Fig. 9a or in the reverse order as seen in Fig. 9b. 

25 While the variable focus optical system 64 can be interposed at such various positions as described above 

and shown in Figs. 7a to 9b in the other components of the direct viewing picture image display apparatus, 
such interposition thereof between the optical modulating circuit 62 and the scanning circuit 66 as shown in 
Fig. 7a or 7b is advantageous in that the diameter of a lens which is a component of the variable focus optical 
system 64 can be reduced and the magnitude of an image formed does not vary when the focal length varies. 

30 Referring now to Fig. 6, there is shown detailed construction of the direct viewing picture image display 

apparatus described hereinabove with reference to Fig. 7a. In the direct viewing picture image display appa- 
ratus, the laser light source 61 of the block diagram of Fig. 7a is constituted from an RGB laser 81 . The optical 
modulating circuit 62 is constituted from three audio optical modulators (AOMs) 84R, 84G and 84B while video 
signal supplying circuits 85R, 85G and 85B correspond to the video signal supplying circuit 63. The variable 

35 focus optical system 64 is constituted from a variable focus lens 89 while a depth signal supplying circuit 90 
corresponds to the depth signal supplying circuit 65, and the horizontal scanning circuit 68 is constituted from 
a polygonal mirror 91. The vertical scanning circuit 69 is constituted from a galvanometric mirror 92. Ascanning 
signal supplying circuit 93 corresponds to the scanning signal supplying circuit 67. Further, the projecting opt- 
ical system 70 is constituted from a pair of relay lenses 94 and 95 while an eye 96 corresponds to the eye 71. 

40 In operation, a laser beam having three wavelengths of red (R), green (G) and blue (B) is emitted from 

the RGB laser 81. Adichroic mirror 82R reflects the wavelength component of red of the laser beam received 
from the RGB laser 81 while it passes the components of green and blue therethrough. Meanwhile, a dichroic 
mirror 82G reflects the component of green of the incidence laser beam received from the RGB laser 81 by 
way of the dichroic mirror 82R and passes the component of blue therethrough. A mirror 2B reflects the laser 

45 beam received by way of the dichroic mirror 82 and having only the component of blue. The laser beams of 
the wavelengths of R, G and B reflected by the dichroic mirrors 82R and 82G and mirror 82B are subsequently 
shaped into beams of a shape suitable for subsequent modulation by the audio optical modulators 84R. 84G 
and 84B by lenses 83R, 83G and 83B, respectively. The thus shaped laser beams are then inputted to the 
corresponding audio optical modulators 84R, 84G and 84B to which video signals of red, green and blue are 

50 supplied from the video signal supplying circuits 85R, 85G and 85B, respectively. Thus, the audio optical mod- 
ulators 84R, 84G and 84B optically modulate the individual incidence laser beams in response to the video 
signals supplied thereto. 

The laser beams outputted from the audio optical modulators 84R, 84G and 84B are subsequently ar- 
ranged in beam shape by lenses 86R, 86G and 86B, respectively, and then introduced into dichroic mirrors 
55 87R, 87G and 87R, at which they are reflected, respectively. The laser beam of the blue component reflected 
by the mirror 87B is then introduced into and passes through the dichroic mirror 87G so that it is combined 
with the laser beam of the green component introduced to the dichroic mirror 87G from the lens 86G. The laser 
beam including the blue and green components is then introduced into the dichroic mirror 87R at which it is 
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combined with the laser beam of the red component supplied from the lens 86R thereby to form a single laser 
beam. The laser beam thus formed is subsequently reflected by a mirror 88 and then introduced into the va- 
riable focus lens 89. The focal length of the variable focus lens 89 varies in response to a depth signal supplied 
from the depth signal supplying circuit 90. 

5 The laser beam outputted from the variable focus lens 89 is introduced to the polygonal mirror 91 and scan- 

ned in a horizontal direction by the polygonal mirror 91 in response to a horizontal scanning signal supplied 
from the scanning signal supplying circuit 93. The laser beam reflected by the polygonal mirror 91 is then in- 
troduced to the galvanometric mirror 92 and scanned in a vertical direction by the galvanometric mirror 92 in 
response to a vertical scanning signal received from the scanning signal supplying circuit 93. The laser beam 

10 scanned in the horizontal and vertical directions in this manner is then introduced into the eye 96 by way of 
the relay lenses 94 and 95. 

Subsequently, a principle of operation of Fig. 6 will be described with reference to Figs. 10a, 10b and 11a, 
11b. For the convenience of description, it is assumed here that the projecting optical system 70 including the 
relay lenses 94 and 95 is constructed as an infinite focus optical system including a pair of ideal lenses 101 

15 and 102 which commonly have a focal plane 103 as shown in Fig. 10a. Now, if it is assumed that the variable 
focus lens 89 is not interposed, then a real image will be formed on the focal plane 103, and such real image 
is projected to the fundus 104 of the eye 96. Accordingly, a laser beam being scanned is all focused to form 
an image on the fundus 104 as seen in Fig. 10b, and the eye 96 sees a virtual image at an infinite remote 
distance. 

20 On the other hand, if the variable focus lens 89 is interposed as seen in Fig. 6, a laser beam outputted 

from the ideal lens 101 is not focused to form an image on the focal plane 104 but is focused to form a real 
image on such a curved face 105 as seen in Fig. 11a. As a result, all of a laser beam introduced into the eye 
96 by way of the ideal lens 102 does not form an image on the fundus 104, but only a portion of such laser 
beam which corresponds to a distance at which the eye 16 is focused will form an image on the fundus 104. 

25 Accordingly, a virtual image viewed from the eye 96 is an image at a position indicated by a curved face 106 
as shown in Fig. 11b. In particular, it looks that light emitted from the curved face 106 is introduced into the 
eye 16. 

As a result, a body at a near location and another body at a remote location are focused in different manners 
in accordance with a focusing function of an eye of a man as if a three-dimensional object is observed actually. 

30 Consequently, a three-dimensional feeling can be obtained. 

While the direct viewing picture image display apparatus is constructed such that an image is observed 
with a single eye, it may otherwise be constructed such that an image is observed with two eyes. Such modified 
direct viewing picture image display apparatus is shown in Fig. 12. 

Referring to Fig. 12, in the direct viewing picture image display apparatus shown, a laser beam outputted 

35 from an RGB laser 131 is divided into two beams including a laser beam for the right eye and another laser 
beam for the left eye by a beam splitter (half prism) 1 32. The laser beam for the right eye is divided into three 
beams of components of three colors of R, G and B by two dichroic mirrors 133aR and 133aG and a further 
mirror 133aB. The three laser beams are then arranged in beam shape by lenses 134aR, 134aG and 134aB 
and introduced to audio optical modulators 1 35aR, 135aG and 135aB, respectively. To the audio optical mod- 

40 ulators 135aR, 135aGand 135aB, video signals of R, G and B are supplied from video signal supplying circuits 
149aR, 149aG and 149aB, respectively. Thus, the laser beams introduced to the audio optical modulators 
135aR, 135aG and 135aB are optically modulated in response to such video signals. The laser beams output- 
ted from the audio optical modulators 135aR, 135aG and 135aB are subsequently arranged in beam shape 
by lenses 136aR, 136aG and 136aB, respectively, and then combined into a single laser beam by a mirror 

45 1 37aR and a pair of dichroic mirrors 1 37aG and 1 37aB. The single laser beam thus obtained is then introduced 
into a variable focus lens 138a. The variable focus lens 138a has a focal length which varies in response to a 
depth signal for the right eye received from a depth signal generating circuit 139a. The laser beam outputted 
from the variable focus lens 138a is, introduced into and passes through a polarizing beam splitter 141 . 

Meanwhile, the laser beam for the left eye formed by division by the beam splitter 132 is divided into three 

50 laser beams of R, G and B by a pair of dichroic minors 133bR and 133bG and a further mirror 133bB. The 
laser beams are adjusted to have a predetermined sectional shape by lenses 134bR f 134bG and 134bB and 
then introduced into audio optical modulators 135bR, 135bG and 135bB, respectively. The audio optical mod- 
ulators 135bR, 135bG and 135bB optically modulate the inputted laser beams in response to video signals of 
R, G and B supplied from video signal supplying circuits 149bR, 149bG and 149bB, respectively. The optically 

55 modulated laser beams are adjusted in sectional shape by lenses 1 36bR, 1 36bG and 1 36bB, respectively, and 
then combined into a single laser beam by a pair of dichroic mirrors 137bR and 137bG and a further mirror 
137bB. 

The single laser beam thus obtained is introduced into a variable focus lens 138b. The focal length of the 
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variable focus lens 138b is varied in response to a depth signal for the left eye supplied from a depth signal 
supplying circuit 139b. The laser beam outputted from the variable focus lens 138b is then inputted to a 1/2 
wavelength plate 140. While the laser beam when outputted from the RGB laser 131 is linearly polarized light, 
the polarization plane thereof is rotated by 90 degrees when it passes through the 1/2 wavelength plate 140. 
5 As a result, while the laser beam from the variable focus lens 1 38a passes through the polarizing beam splitter 
141, the laser beam inputted from the variable focus lens 138b by way of the 1/2 wavelength plate 140 is re- 
flected by the polarizing beam splitter 141 so that it is combined with the laser beam inputted from the variable 
focus lens 138a. 

The thus combined laser beam from the polarizing beam splitter 141 is introduced into and scanned nor- 

10 izontally by a polygonal mirror 142 in response to a horizontal scanning signal received from a scanning signal 
supplying circuit 150. The laser beam reflected from the polygonal mirror 142 is introduced to and scanned 
vertically by a galvanometric mirror 143 in response to a vertical scanning signal received from a scanning 
signal supplying signal 150. 

The laser beam scanned in the horizontal and vertical directions in this manner is introduced to a polarizing 

15 beam splitter 146 by way of a pair of relay lenses 144 and 145. As described hereinabove, the laser beam for 
the right eye and the laser beam for the left eye have polarization planes which are different in direction by 
90 degrees from each other. Accordingly, the laser beam for the right eye passes through the polarizing beam 
splitter 146 and is introduced to a mirror 147a, by which it is reflected so that it is introduced into the right eye 
148a. Meanwhile, the laser beam for the left eye is reflected by the polarizing beam splitter 146 and further 

20 reflected by a mirror 147a so that it is introduced into the left eye 148b. 

With the direct viewing picture image display apparatus of Fig. 12, a stereoscopic picture image can be 
observed with two eyes in this manner. 

Thus, with the direct viewing picture image display apparatus of Fig. 6, a stereoscopic picture image is 
observed only depending upon a focusing function of an eye of a man. However, with the direct viewing picture 

25 image of Fig. 12, a stereoscopic picture image can be observed depending upon a binocular parallax and bi- 
nocular convergence in addition to a focusing function. 

Further, in either of the direct viewing picture image display apparatus, a virtual image is observed not by 
way of a screen or the like, and accordingly, the two display apparatus will be classified into the spatial image 
display of the classification appearing on Table 2 mentioned hereinabove. 

30 It is to be noted that any of the variable focus lenses 89, 138a and 138b mentioned hereinabove may be 

constituted from a liquid crystal lens or an EO lens. Or, one-dimensional variable focus cylindrical lenses may 
be employed in combination. Also, a combination with an ordinary lens may be used. A liquid crystal lens is 
disclosed, for example, in "Investigation of Liquid Crystal Lens", Optics, Vol. 18, No. 12 December, 1989, while 
an EO lens is disclosed in 'Trial Manufacture of EO Lens with EO Material and Transparent Electrode", O plus 

35 E, March, 1990. * 

It is to be noted that it is possible to correct a depth signal to be provided to a variable focus lens with in- 
formation regarding an aberration such as a spherical aberration of a lens of an optical system and a curved 
image plane, deformation of an image and focusing depending upon a difference in visual acuity between ob- 
servers (visual acuity adjustment). 

40 Meanwhile, a variable focus optical system may be constituted not from a variable focus lens but from a 

variable focus mirror. 

Further, while raster scanning is employed in the direct viewing picture image display apparatus of the 
embodiment described hereinabove, it is also possible to apply the present invention to a vector system. 

Having now fully described the invention, it will be apparent to one of ordinary skill in the art that many 
45 changes and modifications can be made thereto without departing from the scope of the invention as set forth 
herein. 



50 
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Table 1 



10 



15 



20 



25 



30 



35 



I . Viewing with Single Eye 




(1) Focusing 

(a) Motionof muscle system to deform lens in 

eyeball (crystal lens) 
(p) Degree of out-cf-focus condition of image formed 

on retina -* also depth of field of eyeball image 

forming system is concerned 


within 
2 to 3 
Di 


(2) Magnitude of Image ... magnitude of image formed on 
retina depending upon distance to subject 

(2)* Linear perspective, distribution density of 

uniform patterns ... where bodies of equal size 
are arranged regularly, manner in wnicn 
magnitude of image varies in accordance with 
distance is not recognized well. 
Perspective projections, perspective, etc. 

(2)" Brightness, color ... bright color on long 
wavelength side (red) looks as if it were 
located near, but dark color on short wavelength 
sice (blue) looks as if it were located remotely. 
~ cuvciiting u c i u r icxpens 1 ve c d i o r / . 

, „ rt , receding color (contractive color) 

absorption by air. remote body looks bluish in 
ccior 2nd sharpness looks low. 


within 
5. 000 m 

around 
2 to 3 

km 


(3 ) Kinesthetic parallax... mutual relationship of 
movement of i it; age which takes place when (a) 
observer or (b) subject moves 
(3)* Overlapping of bodies ... change of observed 
portion of bodv by variation in observing 
position and change cf screened condition of 

(3)" Light and shade ... when illuminating direction 
changes, occurrence of shade by profile of body 
changes. 


within 
200 m 

within 
50 m 


(4) Field of view ... (p) when simultaneously observable 
range is limited, observer has feeling of being 
restricted to condition different from daily 
experience. Where presence of limiting frame 
(screen or the like; is not conspicuous, 
observer feels to be in actual space (feeling of 
presence). 


50 m or 
more 


II. Viewing with Two Eyes 




(5) Binocular convergence 

(a) inner displacement (convergence) or outer 

displacement (divergence) of two eyes watching 
body closely 

(p) condition (fusion) wherein image information of 
left and right eyes looks as single image 
Operates together with focusing mechanism, and 
if extreme difference takes place between them, 
then unfamiliar feeling takes place. 


3 0 mm 
or more 


(6) Binocular parallax ... difference takes place 

between images of sarr. e body formed on retinae of 
two eyes due to difference between observing 
positions (distance between two eyes), and such 
difference (amount of parallax) varies in 
accordance with distance. 

Kinesthetic parallax also presents Pulfrich 
effect that amount of reactive parallax is 
produced by amour. t of successive parallax and 
difference in brightness of light to two eyes. 


10 0 ir.n 
or more 



50 



9 



EP 0 473 343 B1 



Table 2 



10 



15 



20 



25 



30 



35 



40 



Two-dimensional 
pi cture i mage 
having depth 
feel i ng 



Per spect i ve 
Wide screen 
Large lens or 

large concave mirror 



Perspective 
field of view 
adjustient 



Two-dimensional 
picture image 
in two 
d i r ect i ons 



Stereoscope 

Parallax stereogram 

Two color type 

( a na gr i f f type ) 
Pol arizing type 

Time dividing type 



Binocular parallax. 

convergence 
Binocular parallax. 

convergence 
Binocular parallax. 

convergence 
Binocular parallax. 

convergence 
Binocular parallax. 

convergence 



Two-dimensional 
picture imsge 
in more than 
twc directions 



Integral photography 

Lenticular plate 
(projecting type 
ienticular plate) 

Parallax pancr ama gram 

Multiplex hologram 



Bi nocul ar 
conver 
k i nest 

Binocular 
conver 
k i nes t 

B i nocul ar 
conver 
kinest 

B l nocul a r 
conver 
kinest 



parallax, 
gence. 

hetic parallax 

parallax, 
pence. 

hetic parallax 

parallax, 
gence. 

hetic parallax 

parallax, 
gence . 

hetic parallax 



Spatial display 



Moving screen 



Kevins nil r r c r 



Moving light emitting 
body 



Light emitting 

phenomenon in solid 
be d y 



Binocular parallax. 

convergence . 

kinesthetic parallax. 

ad j us tment 
Binocular parallax. 

convergence. 

kinesthetic parallax. 

a d j u s t men t 
Bi nocul ar para 1 1 ax. 

convergence. 

kinesthetic parallax. 

ad j us tment 
Binocular parallax. 

convergence. 

kinesthetic parallax. 

a d j us tment 



Spatial 
display 



image 



Variable focus mirror 



Laser reproduction 
hologram 



White light 
reproduct i on 
hologram 



B i nocu lar parallax. 

convergence. 

kinesthetic parallax. 

ad j ustmen t 
Binocular parallax. 

convergence . 

kinesthetic parallax. 

adj ustment 
Binocular paral lax. 

conver gence. 

kinesthetic parallax. 

adjustment 



45 
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Claims 

1. A direct viewing picture image display apparatus, comprising: 
a light source (1,11 ,61 ,81) for emitting a laser beam; 
55 video signal supplying means (2,63) for supplying a video signal; 

modulating means (3,13,62,63) for optically modulating the laser beam emitted from said light 
source in response to the video signal supplied from said video signal supplying means; 
scanning signal supplying means (4,22,27,67) for supplying a scanning signal; and 
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scanning means (5,66,43,21 ,26,91 ,92) for horizontally and vertically scanning the modulated laser 
beam for said scanning signal in response to the scanning signal supplied from said scanning signal sup- 
plying means (4,21,27,67); characterized by 

a projecting optical system for projecting the scanned laser beam received from said scanning 
5 means (5,66,43,21 ,26,91 ,92) to form an image of the laser beam on the retina of an eye (7,28,71) of an 

observer of said direct viewing picture image display apparatus. 

2. A direct viewing picture image display apparatus according to claim 1 , wherein said scanning signal sup- 
plying means (4,22,27,67) supplies a horizontal scanning signal and a vertical scanning signal, and said 

10 scanning means (5,66,43,21,26,91,92) includes horizontal scanning means (21,43,68,91) for horizontally 

scanning the laser beam received from said modulating means (3,13,62,63) in response to the horizontal 
scanning signal received from said scanning signal supplying means (4,22,27,67) and vertical scanning 
means (26,69,92) for vertically scanning the horizontally scanned laser beam from said horizontal scan- 
ning means (21,43,68,91) in response to the vertical scanning signal received from said scanning signal 

15 supplying means (4,22,27,67). 

3. A direct viewing picture image display apparatus according to claim 1, wherein said scanning signal sup- 
plying means (4,22,27,27) supplies a horizontal scanning signal and a vertical scanning signal, and said 
scanning means includes vertical scanning means (26,69,92) for vertically scanning the laser beam re- 

20 ceived from said modulating means in response to the vertical scanning signal received from said scan- 

ning signal supplying means (4,22,27,67) and horizontal scanning means (21,43,68, 91) for horizontally 
scanning the vertically scanned laser beam from said vertical scanning means (26,69,92) in response to 
the horizontal scanning signal received from said scanning signal supplying means (4,22,27,67). 

25 4. A direct viewing picture image display apparatus according to claim 1, 2 or 3 wherein said modulating 
means (3,13,62,63) includes an audio optical modulator for intensity modulating the laser beam emitted 
from said light source in response to the video signal supplied from said video signal supplying means 
(2,63). 

30 5. A direct viewing picture image display apparatus according to claim 1 , 2, 3 or 4 further comprising means 
(16) for attenuating the laser beam to an intensity at which an eye to which the laser beam is introduced 
is not damaged by the laser beam. 

6. A direct viewing picture image display apparatus according to claim 1 , 2, 3, 4 or 5 wherein said scanning 
35 means (5,66,43,21 ,26,91 ,92) includes an audio optical deflector (21 ) or a polygonal mirror (43,91) for hor- 
izontally scanning the laser beam from said modulating means in response to the scanning signal supplied 
from said scanning signal supplying means (4,22,27,67). 

7. A direct viewing picture image display apparatus according to claim 1 , 2, 3, 4 or 5 wherein said scanning 
40 means (5,66,43,21 ,26,91 ,92) includes a galvanometric mirror (26) for vertically scanning the laser beam 

from said modulating means in response to the scanning signal supplied from said scanning signal sup- 
plying means (4,22,27,67). 

8. A direct viewing picture image display apparatus according to any one of the preceding claims, further 
45 comprising a 1/4 wavelength polarizing plate (25) for converting the laser beam from linearly polarized 

light into circularly polarized light. 

9. A direct viewing picture image display apparatus according to any one of the preceding claims, further 
comprising means for shaping the laser beam so as to have a predetermined circular transverse section. 

50 

10. A direct viewing picture image display apparatus according to any one of the preceding claims, wherein 
said light source includes three lasers (11R,11G,11B) for emitting laser beams of different wavelengths 
and said modulating means (13 R,G,B) optically modulate the laser beams emitted from said lasers 
(11R,11G,11B) individually in response to the video signal supplied from said video signal supplying 

55 means (2,63), and further comprising means (41 RGB) for combining the modulated laser beams from said 

modulating means (13RGB) into a single laser beam and introducing the single laser beam to said scan- 
ning means (26,43). 
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11. A direct viewing picture image display apparatus according to any one of claims 1 to 9, wherein said light 
source (81) emits a laser beam including components of three different wavelengths, and further com- 
prising means (82 RGB) for separating the components of the laser beam from said light source (81) into 
separate beams, said modulating means (84,85 RGB) optically modulating the beams from said separat- 

5 ing means (82 RGB) individually in response to the video signal supplied from said video signal supplying 

means (2,63) and means (87 RGB) for combining the modulated beams from said modulating means (84 
RGB.85 RGB) into a single beam and introducing the single beam to said scanning means (91,92). 

1 2. A direct viewing picture image display apparatus, according to any one of claims 1 to 9 or 1 1 , further com- 
prising: 

depth signal supplying means (65,90) for supplying depth information; 

a variable focus optical system (64,89) for providing the depth information supplied from said depth 
signal supplying means to the modulated laser beam received from said modulating means (62,84 RGB) 
and supplying the resulting beam to the scanning means (66,68,69,91,92). 

13. A direct viewing picture image display apparatus, according to any one of claims 1 to 9 or 11, further com- 
prising: 

depth signal supplying means (65,90) for supplying depth information; and in which the said scan- 
ning means (66) include a variable focus optical system (64) for providing the depth information supplied 
from said depth signal supplying means (65) to the laser beam received from said modulating means (62). 

14. A direct viewing picture image display apparatus, according to any one of claims 1 to 9 or 11, further com- 
prising: 

depth signal supplying means (65) for supplying depth information; and wherein said projecting opt- 
25 ical system (70) includes a variable focus optical system (64) for providing the depth information supplied 

from said depth signal supplying means (65) to the laser beam received from said scanning means (66). 

15. A direct viewing picture image display apparatus according to any one of claims 12 to 14, wherein said 
variable focus optical system (64) includes a variable focus lens having a focal length which is varied in 

30 response to the depth information from said depth signal supplying means (65). 

16. A direct viewing picture image display apparatus, comprising: 

a light source (131) for emitting a linearly polarized laser beam; 

means (132) for dividing the laser beam from said light source (131) into first and second laser 
35 beams; 

first and second video signal supplying means (63,1 49a,b) for supplying first and second video sig- 
nals, respectively; 

first and second modulating means (62,1 35a,b) for optically modulating the first and second laser 
beams from said dividing means (132) in response to the first and second video signals supplied from 
40 first and second said video signal supplying means (63,149a,b), respectively; 

first and second depth signal supplying means (65,139a,b) for supplying first and second depth 
information; 

first and second variable focus optical systems (64, 1 38a, b) for providing the first and second depth 
information supplied from said first and second depth signal supplying means (65,139a,b) to the modu- 
45 lated laser beams received from said first and second modulating means (62,135a,b), respectively; 

means (140) for rotating the laser beam from said second variable focus optical system (138b) to 
produce a laser beam having a polarization plane perpendicular to that of the output laser beam of said 
first variable focus optical system (138a); 

means (141) for combining the laser beams from said first variable focus optical system (1 38a) and 
so said rotating means (140) into a single laser beam; 

scanning signal supplying means (67,150) for supplying a scanning signal; 

scanning means (68,69,142,143) for scanning the laser beam received from said combining means 
(141) in response to the scanning signal supplied from said scanning signal supplying means (67,150); 
and 

55 a projecting optical system (70,144,145,146,147a,b) for dividing the scanned laser beam received 

from said scanning means (68,69,142,143) into two beams having perpendicular polarization planes rel- 
ative to each other and projecting the two beams to form images of the beams on the retinae of a pair of 
eyes (71,148a,b) of an observer of said direct viewing picture image display apparatus. 
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17. A direct viewing picture image display apparatus according to claim 16, wherein said combining means 
(140) includes a 1/2 wavelength plate. 

A direct viewing picture image display apparatus according to claim 16, wherein said projecting optical 
system includes a polarizing beam splitter (146) which divides the laser beam from said scanning means 
(68,69,142,143) into two beams having perpendicular polarization planes relative to each other. 

19. A direct viewing picture image display apparatus according to claim 16, wherein said light source (131) 
emits a laser beam including components of three different wavelengths, and each of said first and second 
10 modulating means (62,63) includes means (1 33a, b.RGB) for separating the components of the laser beam 

from said dividing beams (132) into separate beams, means (135aRGB,135bRGB) for optically modulat- 
ing the beams from said separating means (1 37a, b, RGB) for combining the modulated beams into a single 
beam and introducing the single beam to the first or second variable focus optical system (64,138a,b). 

15 

Patentanspruche 

1. Direktsicht-Bildwiedergabegerat, mit 

einer Lichtquelle (1, 11, 61, 81) zum Emittieren eines Laserstrahls; 
20 einer Videosignalliefereinrichtung (2, 63) zum Liefern eines Videosignals; 

einer Modulationseinrichtung (3, 13, 62, 63) zum optischen Modulieren des Laserstrahls, der von 
der Lichtquelle emittiert wird, in Abhangigkeit vom Videosignal, das von der Videosignalliefereinrichtung 
geliefert wird; 

einer Abtastsignaliefereinrichtung (4, 22, 27, 67) zum Liefern eines Abtastsignals; und 
25 einer Abtasteinrichtung (5, 66, 43, 21, 26, 91, 92) zum horizontalen und vertikalen Abtasten des 

modulierten Laserstrahls fur das Abtastsignal in Abhangigkeit vom Abtastsignal, das von der 
Abtastsignalliefereinrichtung (4, 21, 27, 67) geliefert wird, gekennzelchnet durch 

ein optisches Projektionssystem zum Projizieren des abgetasteten Laserstrahls, der von der Ab- 
tasteinrichtung (5, 66, 43 21, 26, 91, 92) empfangen wird, urn ein Bild des Laserstrahls auf der Netzhaut 
30 eines Auges (7, 28, 71) eines Betrachters des Direktsicht-Bildwiedergabegerats zu bilden. 

2. Direktsicht-Bildwiedergabegerat nach Anspruch 1, wobei die Abtastsignalliefereinrichtung (4, 22, 27, 67) 
ein horizontals Abtastsignal und ein verti kales Abtastsignal liefert, und die Abtasteinrichtung (5, 66, 43, 
21, 26, 91, 92) eine Horizontalabtasteinrichtung (21, 43, 68, 91) zum horizontalen Abtasten des Laser- 
strahls, der von der Modulationseinrichtung (3, 1 3, 62, 63) empfangen wird, in Abhangigkeit vom horizon- 
talen Abtastsignal, das von der Abtastsignalliefereinrichtung (4, 22, 27, 67) empfangen wird und eine Ver- 
ti kalabtasteinrichtung (26, 69, 92) aufweist, urn von der Horizontalabtasteinrichtung (21, 43, 68, 91) den 
horizontal abgetasteten Laserstrahl in Abhangigkeit vom vertikalen Abtastsignal, das von der 
Abtastsignalliefereinrichtung (4, 22, 27, 67) empfangen wird, vertikal abzutasten. 

3. Direktsicht-Bildwiedergabegerat nach Anspruch 1, wobei die Abtastsignalliefereinrichtung (4, 22, 27, 67) 
ein horizontales Abtastsignal und vertikales Abtastsignal liefert, und die Abtasteinrichtung eine Vertikal- 
abtasteinrichtung (26, 69, 92), um den Laserstrahl, der von der Modulationseinrichtung empfangen wird, 
in Abhangigkeit vom vertikalen Abtastsignal, das von der Abtastsignalliefereinrichtung (4, 22, 27, 67) emp- 
fangen wird, vertikal abzutasten, und eine Horizontalabtasteinrichtung (21 , 43, 68, 91 ) aufweist, um den 
vertikal abgetasteten Laserstrahl von der Verti kalabtasteinrichtung (26, 69, 92) in Abhangigkeit vom ho- 
rizontalen Abtastsignal, das von der Abtastsignalliefereinrichtung (4, 22, 27, 67) empfangen wird, hori- 
zontal abzutasten. 

50 4. Direktsicht-Bildwiedergabegerat nach Anspruch 1 , 2 oder 3, wobei die Modulationseinrichtung (3, 13, 62, 
63) einen akustooptischen Modulator zur Intensitatsmodulation des Laserstrahls aufweist, der von der 
Lichtquelle in Abhangigkeit vom Videosignal, das von der Videosignalliefereinrichtung (2, 63) geliefert 
wird, emittiert wird. 

55 5. Direktsicht-Bildwiedergabegerat nach Anspruch 1 , 2, 3 Oder 4, das weiter eine Einrichtung (1 6) zur Damp- 
fung des Laserstrahls auf eine Intensity aufweist, bei der ein Auge, in das der Laserstrahl eingef uhrt wird, 
nicht durch den Laserstrahl verletzt wird. 

13 
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6. Direktsicht-Bildwiedergabegerat nach Anspruch 1, 2, 3, 4 oder 5, wobei die Abtasteinrichtung (5, 66 t 43, 
21, 26, 91, 92) einen akustooptischen Strahlabweiser (21) oder einen Polygonspiegel (43, 91) aufweist, 
urn den Laserstrahl von der Modulationseinrichtung in Abhangigkeit vom Abtastsignal, das von der 
Abtastsignalliefereinrichtung (4, 22, 27, 67) geliefert wird, horizontal abzutasten. 

5 

7. Direktsicht-BildwiedergabegerSt nach Anspruch 1 , 2, 3, 4 oder 5, wobei die Abtasteinrichtung (5, 66, 43. 
21 , 26, 91 , 92) einen galvanometrischen Spiegel (26) aufweist, um den Laserstrahl von der Modulations- 
einrichtung in Abhangigkeit vom Abtastsignal, das von der Abtastsignalliefereinrichtung (4, 22, 27, 67) ge- 
liefert wird, vertikal abzutasten. 

10 

8. Direktsicht-Bildwiedergabegerat nach einem der vorhergehenden Anspruche, die weiter eine X/4-Wellen- 
langenpolarisationsplatte (25) aufweist, um den Laserstrahl von linearpolarisiertem Licht in zirkularpola- 
risiertes Licht umzuwandeln. 



15 9. Direktsicht-Bildwiedergabegerat nach einem der vorhergehenden Anspruche, die auBerdem eine Einrich- 
tung zur Formung des Laserstrahl aufweist, so daB dieser einen vorgegebenen zirkularen Querschnitt 
hat. 



10. Direktsicht-Bildwiedergabegerat nach einem der vorhergehenden Anspruche, wobei die Lichtquelle drei 
20 Laser (11R, 11G, 11B) aufweist, um Laserstrahlen unterschiedlicher Wellenlangen zu emittieren, und die 

Modulationseinrichtung (13R, G, B) die Laserstrahlen optisch moduliert, die von den Lasern (11R, 11G, 
11B) emittiert werden, individuell in Abhangigkeit vom Videosignal, das von der 
Videosignalliefereinrichtung (2, 63) geliefert wird, und das weiter eine Einrichtung (41 RGB) aufweist, um 
die modulierten Laserstrahlen von der Modulationseinrichtung (13RGB) zu einem Einzel laserstrahl zu 
25 kombinieren und den Einzellaserstrahl in die Abtasteinrichtung (26, 43) einzuf uhren. 



11. Direktsicht-Bildwiedergabegerat nach einem der Anspruche 1 bis 9, wobei die Lichtquelle (81) einen La- 
serstrahl emittiert, der Komponenten von drei unterschiedlichen Wellenlangen aufweist, und auBerdem 
eine Einrichtung (82 RGB) aufweist, um die Komponenten des Laserstrahls von der Lichtquelle (81) in se- 

30 parate Strahlen zu trennen, wobei die Modulationseinrichtung (84, 85 RGB) die Strahlen von der Trenn- 

einrichtung (82 RGB) individuell in AbhSngigkeit vom Videosignal, das von der 
Videosignalliefereinrichtung (2, 62) geliefert wird, optisch moduliert, und eine Einrichtung (87 RGB) auf- 
weist, um die modulierten Strahlen von der Modulationseinrichtung (84 RGB, 85 RGB) zu einem Einzel- 
strahl zu kombinieren und den Einzelstrahl in die Abtasteinrichtung (91, 92) einzuf uhren. 

35 

12. Direktsicht-Bildwiedergabegerat nach einem der Anspruche 1 bis 9 oder 11, die auBerdem aufweist: 

eine Tiefensignalliefereinrichtung (65, 90) zum Liefern einer Tiefeninformation; 

ein variables optisches Fokussystem (64, 89) zum Bereitstellen der Tiefeninformation, die von der 
Tiefensignalliefereinrichtung geliefert wird, fur den modulierten Laserstrahl, der von der Modulationsein- 
40 richtung (62, 84 RGB) empfangen wurde, und zum Liefern des resultierenden Strahls an die Abtastein- 

richtung (66, 68, 69, 91, 92). 



13. Direktsicht-Bildwiedergabegerat nach einem der Anspruche 1 bis 9 oder 11, das auBerdem aufweist: 

eine Tiefensignalliefereinrichtung (65, 90) zum Liefern einer Tiefeninformation; und bei demdie Ab- 
45 tasteinrichtung (66) ein variables optisches Fokussystem (64) aufweist, um die Tiefeninformation, die von 

der Tiefensignalliefereinrichtung (65) geliefert wird, fur den Laserstrahl, der von der Modulationseinrich- 
tung (62) empfangen wird, bereitzustellen. 

14. Direktsicht-BildwiedergabegerSt nach einem der Anspruche 1 bis 9 oder 11, das auBerdem aufweist 

so eine Tiefensignalliefereinrichtung (65) zum Liefern einer Tiefeninformation; und wobei das optische 

Projektionssystem (70) eine variables optisches Fokussystem (64) aufweist, um die Tiefeninformation, 
die von der Tiefensignalliefereinrichtung (65) geliefert wird, fur den Laserstrahl, der von der Abtasteinrich- 
tung (66) empfangen wird, bereitzustellen. 



55 15. Direktsicht-Bildwiedergabegerat nach einem der Anspruche 12 bis 14, wobei das variable optische Fo- 
kussystem (64) eine variable Fokuslinse aufweist, die eine Fokuslange hat, die in Abhangigkeit von der 
Tiefeninformation der Tiefensignalliefereinrichtung (65) variiert wird. 



14 



EP 0 473 343 B1 



16. Direktsicht-Bildwiedergabegerat, mit 

einer Lichtquelle (131) zum Emittieren eines linearpolarisierten Laserstrahls; 
einer Einrichtung (132) zum Teilen des Laserstrahls von dieser Lichtquelle (131) in einen ersten 
und zweiten Laserstrahl; 

5 einer ersten und zweiten Videosignalliefereinrichtung (63, 149a, b) zum Liefern eines ersten bzw. 

zweiten Videosignals; 

einer ersten bzw. zweiten Modulationseinrichtung (62, 135a, b) zum optischen Modulieren des er- 
sten und zweiten Laserstrahls von der Teilungseinrichtung (132) in Abhangigkeit vom ersten und zweiten 
Videosignal, das von ersten und zweiten Videosignalliefereinrichtung (63, 149a, b) geliefert wird; 
10 einer ersten und zweiten Tiefensignalliefereinrichtung (65, 139a, b) zum Liefern einer ersten und 

zweiten Tiefeninformation; 

einem ersten und zweiten variablen optischen Fokussystem (64, 1 38a, b) zum Bereitstellen der er- 
sten und zweiten Tiefeninformation, die von der ersten und zweiten Tiefensignalliefereinrichtung (65, 
139a, b) geliefert wird, fur die modulierten Laserstrahlen, die von der ersten bzw. zweiten Modulations- 
15 einrichtung (62, 135a, b) empfangen wurden; 

einer Einrichtung (140) zum Drehen des Laserstrahls vom zweiten variablen optischen Fokussy- 
stem (138b), um einen Laserstrahl zu erzeugen, der eine Polarisationsebene senkrecht zu der des Aus- 
gangslaserstrahls des ersten variablen optischen Fokussystems (138a) hat; 

einer Einrichtung (141) zur Kombinierung der Laserstrahlen vom ersten variablen optischen Fo- 
20 kussystem (138a) und der Rotationseinrichtung (140) zu einem Einzellaserstrahl; 

einer Abtastsignalliefereinrichtung (67, 150) zum Liefern eines Abtastsignals; 

einer Abtasteinrichtung (68, 69, 142, 143) zum Abtasten des Laserstrahls, der von der Kombinati- 
onseinrichtung (141) empfangen wurde, in Abhangigkeit vom Abtastsignal, das von der 
Abtastsignalliefereinrichtung (67, 150) geliefert wird; und 
25 einem optischen Projektionssystem (70, 144, 145, 146, 147a, b), um den abgetasteten Laserstrahl 

von der Abtasteinrichtung (68, 69, 142, 143) in zwei Strahlen zu teilen, die senkrechte Polarisationsebe- 
nen zueinander haben, und um die beiden Strahlen zu projizieren, um Bilder der Strahlen auf den Netz- 
hauten eines Augenpaars (71, 148a, b) eines Betrachters des Direktsicht-Bildwiedergabegerats zu bil- 
den. 

30 

17. Direktsicht-BildwiedergabegerSt nach Anspruch 16, wobei die Kombinationseinrichtung (140) eine X/2- 
Wellenlangenplatte aufweist. 

1 8. Direktsicht-Bildwiedergabegerat nach Anspruch 1 6, wobei das optische Projektionssystem einen Polari- 
35 sationsstrahlenteiler (146) aufweist, der den Laserstrahl von der Abtasteinrichtung (68, 69, 142, 143) in 

zwei Strahlen teilt, die senkrechte Polarisationsebenen zueinander aufweisen. 

19. Direktsicht-BildwiedergabegerSt nach Anspruch 16, wobei die Lichtquelle (131) einen Laserstrahl emit- 
tiert, der Kpmponenten der drei unterschiedlichen Wellenlangen enthSIt, und die erste und zweite Modu- 

40 lationseinrichtung (62, 63) eine Einrichtung (133a, b, RGB) aufweist, um die Komponenten des Laser- 

strahls von der Teilungseinrichtung (132) in getrennte Strahlen zu teilen, eine Einrichtung (135aRGB, 
135bRGB), um die Strahlen von der Trenneinrichtung (137a, b, RGB) optisch zu modulieren, um die mo- 
dulierten Strahlen zu einem Einzelstrahl zu kombinieren und den Einzelstrahl zum ersten oder zweiten 
variablen optischen Fokussystem (64, 138a, b) zu leiten. 

45 

Revendications 

1. Appareil d'affichage d 'image a vision directe comprenant : 
50 une source de lumiere (1, 11, 61, 81) pour emettre un faisceau laser ; 

un moyen d'application de signal video (2, 63) pour appliquer un signal video ; 
un moyen de modulation (3, 13, 62, 63) pour moduler optiquement le faisceau laser emis depuis 
ladite source de lumiere en reponse au signal video applique depuis ledit moyen d'application de signal 
video; 

55 un moyen d'application de signal de balayage (4, 22, 27, 67) pour appliquer un signal de balayage ; 

et 

un moyen de balayage (5, 66, 43, 21 , 26, 91 , 92) pour balayer horizontalement et verticalement le 
faisceau laser module pour ledit signal de balayage en reponse au signal de balayage applique depuis 
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(edit moyen d'application de signal de balayage (4, 21 , 27, 67), 
caracterise par : 

un systeme optique de projection pour projeter le faisceau laser balaye recu depuis (edit moyen 
de balayage (5, 66, 43, 21, 26, 91, 92) pour former une image du faisceau laser sur la retine d'un oeil (7, 
5 28, 71) d'un observateur dudit appareil d'affichage d'image a vision directe. 

2. Appareil d'affichage d'image a vision directe selon la revendication 1 , dans lequel ledit moyen d'applica- 
tion de signal de balayage (4, 22, 27, 67) applique un signal de balayage horizontal et un signal de ba- 
layage vertical et ledit moyen de balayage (5, 66, 43, 21 , 26, 91 , 92) inciut un moyen de balayage horizontal 

10 (21 , 43, 68, 91 ) pour balayer horizontalement le faisceau laser recu depuis ledit moyen de modulation (3, 

13, 62, 63) en reponse au signal de balayage horizontal recu depuis ledit moyen d'application de signal 
de balayage (4, 22, 27, 67) et un moyen de balayage vertical (26, 69, 92) pour balayer verticalement le 
faisceau laser balaye horizontalement provenant dudit moyen de balayage horizontal (21, 43, 68, 91) en 
reponse au signal de balayage vertical recu depuis ledit moyen d'application de signal de balayage (4, 

15 22, 27, 67). 

3. Appareil d'affichage d'image a vision directe selon la revendication 1 , dans lequel ledit moyen d'applica- 
tion de signal de balayage (4, 22, 27, 67) applique un signal de balayage horizontal et un signal de ba- 
layage vertical et ledit moyen de balayage inciut un moyen de balayage vertical (26, 69, 92) pour balayer 

20 verticalement le faisceau laser recu depuis ledit moyen de modulation en reponse au signal de balayage 

vertical recu depuis ledit moyen d'application de signal de balayage (4, 22, 27, 67) et un moyen de ba- 
layage horizontal (21 , 43, 68, 91) pour balayer horizontalement le faisceau laser balaye verticalement pro- 
venant dudit moyen de balayage vertical (26, 69, 92) en reponse au signal de balayage horizontal recu 
depuis ledit moyen d'application de signal de balayage (4, 22, 27, 67). 

25 

4. Appareil d'affichage d'image a vision directe selon la revendication 1, 2 ou 3, dans lequel ledit moyen de 
modulation (3, 13, 62, 63) inciut un modulateur optique audio pour moduler en intensite le faisceau laser 
emis depuis ladite source de lumiere en reponse au signal video applique depuis ledit moyen d'application 
de signal video (2, 63). 

30 

5. Appareil d'affichage d'image a vision directe selon la revendication 1 , 2, 3 ou 4, comprenant en outre un 
moyen (16) pour attenuerle faisceau laser jusqu'a une intensite pourlaquelle un oeil sur lequel le faisceau 
laser est introduit n'est pas endommage par le faisceau laser. 

35 6. Appareil d'affichage d'image a vision directe selon la revendication 1 , 2, 3, 4 ou 5, dans lequel ledit moyen 
de balayage (5, 66, 43, 21, 26, 91, 92) inciut un deflecteur optique audio (21) ou un miroir polygonal (43, 
91) pour balayer horizontalement le faisceau laser provenant dudit moyen de modulation en reponse au 
signal de balayage applique depuis ledit moyen d'application de signal de balayage (4, 22, 27, 67). 

40 7. Appareil d'affichage d'image a vision directe selon la revendication 1 , 2, 3, 4 ou 5, dans lequel ledit moyen 
de balayage (5, 66, 43, 21, 26, 91, 92) inciut un miroir galvanometrique (26) pour balayer verticalement 
le faisceau laser provenant dudit moyen de modulation en reponse au signal de balayage applique depuis 
ledit moyen d'application de signal de balayage (4, 22, 27, 67). 

45 8. Appareil d'affichage d'image a vision directe selon Tune quelconque des revendications precedentes, 
comprenant en outre une lame de polarisation quart d'onde (25) pour convertir le faisceau laser d'une 
lumiere polarisee lineairement en une lumiere polarisee circulairement. 

9. Appareil d'affichage d'image a vision directe selon I'une quelconque des revendications precedentes, 
so comprenant en outre un moyen pour conformer le faisceau laser de maniere a ce qu'il presente une sec- 
tion transversale circulaire predeterminee. 

10. Appareil d'affichage d'image a vision directe selon I'une quelconque des revendications precedentes, 
dans lequel ladite source de lumiere inciut trois lasers (11R, 11G, 11B) pour emettre des faisceaux laser 

55 de differentes longueurs d'onde et ledit moyen de modulation (13 R, G, B) module optiquement les fais- 

ceaux laser emis depuis lesdits lasers (11R, 11G, 11B) individuellement en reponse au signal video ap- 
plique depuis ledit moyen d'application de signal video (2, 63) et comprenant en outre un moyen (41 RGB) 
pour combiner les faisceaux laser modules provenant dudit moyen de modulation (13 RGB) selon un uni- 
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que faisceau laser et pour introduce I'unique faisceau laser sur (edit moyen de balayage (26, 43). 

Appareil d'affichage d'image a vision directe selon Tune quelconque des revendications 1 a 9, dans lequel 
ladite source de lumiere (81) emet un faisceau laser incluant des composantes de trois longueurs d'onde 
dif ferentes et comprenant en outre un moyen (82 RGB) pour separer les composantes du faisceau laser 
provenant de ladite source de lumiere (81) selon des faisceaux separes, ledit moyen de modulation (84, 
85 RGB) modulant optiquement les faisceaux provenant dudit moyen de separation (82 RGB) individuel- 
lement en reponse au signal video applique depuis ledit moyen d'application de signal video (2, 63) et un 
moyen (87 RGB) pour combiner les faisceaux modules provenant dudit moyen de modulation (84 RGB, 
85 RGB) selon un unique faisceau et pour introduire I'unique faisceau sur ledit moyen de balayage (91, 
92). 

Appareil d'affichage d'image a vision directe selon Tune quelconque des revendications 1 a 9 ou 11, 
comprenant en outre : 

un moyen d'application de signal de profondeur (65, 90) pourappliquer une information de profon- 

deur; 

un systeme optique de focalisation variable (64, 89) pour produire I'information de profondeur ap- 
pliquee depuis ledit moyen d'application de signal de profondeur sur le faisceau laser module regu depuis 
ledit moyen de modulation (62, 84 RGB) et pour appliquer le faisceau resultant sur le moyen de balayage 
(66, 68, 69, 91, 92). 

Appareil d'affichage d'image a vision directe selon Tune quelconque des revendications 1 a 9 ou 11, 
comprenant en outre : 

un moyen d'application de signal de profondeur (65, 90) pourappliquer une information de profon- 
deur ; et dans lequel ledit moyen de balayage (66) inclut un systeme optique de focalisation variable (64) 
pour produire I'information de profondeur appliquee depuis ledit moyen d'application de signal de profon- 
deur (65) sur le faisceau laser regu depuis ledit moyen de modulation (62). 

Appareil d'affichage d'image a vision directe selon Tune quelconque des revendications 1 a 9 ou 11, 
comprenant en outre : 

un moyen d'application de signal de profondeur (65) pourappliquer une information de profondeur ; 
et dans ledit systeme optique de projection (70) inclut un systeme optique de focalisation variable (64) 
pour produire i'information de profondeur appliquee depuis ledit moyen d'application de signal de profon- 
deur (65) sur le faisceau laser regu depuis ledit moyen de balayage (66). 

Appareil d'affichage d'image a vision directe selon Tune quelconque des revendications 12 a 14, dans 
lequel ledit systeme optique de focalisation variable (64) inclut une lentille de focalisation variable pre- 
sentant une distance focale qui varie en reponse a I'information de profondeur provenant dudit moyen 
d'application de signal de profondeur (65). 

Appareil d'affichage d'image a vision directe comprenant : 

une source de lumiere (131) pour emettre un faisceau laser polarise lineairement ; 

un moyen (132) pour diviser le faisceau laser provenant de ladite source de lumiere (131) en pre- 
mier et second faisceaux laser ; 

des premier et second moyens d'application de signal video (63, 149a, b) pour appliquer respec- 
tivement des premier et second signaux video ; 

des premier et second moyens de modulation (62, 135a, b) pour moduler optiquement les premier 
et second faisceaux laser provenant dudit moyen de division (1 32) en r6ponse aux premier et second si- 
gnaux video appliques respectivement depuis lesdits premier et second moyens d'application de signal 
video (63,149a, b) ; 

des premier et second moyens d'application de signal de profondeur (65, 139a, b) pour appliquer 
des premiere et seconde informations de profondeur ; 

des premier et second systemes optiques de focalisation variable (64, 138a, b) pour produire les 
premiere et seconde informations de profondeur appliquees depuis lesdits premier et second moyens 
d'application de signal de profondeur (65, 139a, b) sur les faisceaux laser modules regus respectivement 
depuis lesdits premier et second moyens de modulation (62, 135a, b) ; 

un moyen (140) pour faire tourner le faisceau laser provenant dudit second systeme optique de 
focalisation variable (138b) pour produire un faisceau laser presentant un plan de polarisation perpendi- 
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culaire a celui du faisceau laser de sortie dudit premier systeme optique de focalisation variable (138a) ; 

un moyen (141) pour combiner lesfaisceaux laser provenant dudit premier systeme optique de fo- 
calisation variable (138a) et dudit moyen de rotation (140) selon un unique faisceau laser ; 

un moyen duplication de signal de balayage (67, 150) pour appliquer un signal de balayage ; 
5 un moyen de balayage (68, 69, 142, 143) pour balayer le faisceau laser recu depuis ledit moyen 

de combinaison (141) en reponse au signal de balayage applique depuis ledit moyen d'application de si- 
gnal de balayage (67, 150) ; et 

un systeme optique de projection (70, 144, 145, 146, 147a, b) pour diviser le faisceau laser balaye 
recu depuis ledit moyen de balayage (68, 69, 142, 143) selon deux faisceaux presentant des plans de 
10 polarisation perpend icul aires I'un par rapport a I'autre et pour projeter les deux faisceaux pour former des 

images des faisceaux sur les retines d'une paired'yeux (71, 148a, b) d'un observateur dudit appareil d'af- 
fichage d'image a vision directe. 

17. Appareil d'aff ichage d'image a vision directe selon la revendication 16, dans lequel ledit moyen de combi- 
15 naison (140) inclut une lame demi-onde. 

18. Appareil d'aff ichage d'image a vision directe selon la revendication 16, dans lequel ledit systeme optique 
de projection inclut un separateur de faisceau de polarisation (146) qui divise le faisceau laser provenant 
dudit moyen de balayage (68, 69, 142, 143) en deux faisceaux presentant des plans de polarisation per- 

20 pendiculaires I'un par rapport a I'autre. 

19. Appareil d'aff ichage d'image a vision directe selon la revendication 16, dans lequel ladite source de lu- 
miere (131) emet un faisceau laser incluant des composantes de trois longueurs d'onde differentes et 
chacun desdits premier et second moyens de modulation (62, 63) inclut un moyen (133a, b, RGB) pour 

25 se parer les composantes du faisceau laser provenant dudit moyen de division (1 32) en faisceaux separes, 

un moyen (135a RGB, 135b RGB) pourmoduler optiquementles faisceaux provenant dudit moyen de se- 
paration (137a, b, RGB) pour combiner les faisceaux modules selon un unique faisceau et pour introdu ire 
I'unique faisceau sur le premier ou second systeme optique de focalisation variable (64, 138a, b). 

30 
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